The eHWC J1825-134 source is located in the southern sky and has been recently detected by the HAWC observatory. It presents an hard spectral index and its gamma-ray flux extends up to energies close to 100 TeV without significant suppression. Amongst the HAWC sources, it is the most luminous in the multi-TeV domain and therefore is one of the first that should be searched for with a neutrino telescope in the northern hemisphere. Using an updated effective area for the forthcoming KM3NeT detector, we study the possibility to detect this source within ten years of its running time. We conclude that about a 4 to 5 sigma detection has to be expected after ten years of observations, depending on the details of the considered scenario.
Introduction
The observed energy spectrum of cosmic rays is described by a power law with spectral index of about 2.7 up to energies of a few PeV, where the spectrum gets steeper and a feature called the "knee" originates [1, 2] . The knee is believed to mark the maximum energy for cosmic rays accelerated at Galactic sources [3] , or alternatively the energy above which the effectiveness of the confinement within the Galaxy is reduced [4] .
The problem of the origin of galactic cosmic rays is one of the most important problems in high energy astrophysics [1, 2] . This is particularly true for energies around the knee or greater, since explaining the origin of cosmic rays in that energy range is problematic [5] . Different possible sources of galactic cosmic rays have been proposed, among which supernova remnants, proposed in 1934 by Baade and Zwicky, are the most accredited ones [6] . It is, however, not clear whether supernova remnants can accelerate cosmic rays up to PeV energies or if other sources should be considered. With this respect, we recall that evidence for the acceleration of PeV particles in the Galactic centre has been reported by the H.E.S.S. Collaboration [7] .
During the acceleration of cosmic rays, the production of gamma rays is expected. These could be produced from the decay of neutral pions, arising from the hadronic interactions with the interstellar medium, or from leptonic processes, like inverse compton, that is however suppressed by Klein-Nishina effect in the multi-TeV energy domain [8] . The identification of the origin of the gamma-ray emission, specifically if it is leptonic or hadronic is thus one of the most important goals in gamma-ray astronomy.
If cosmic rays lose part of their energy in hadronic processes, then, a flux of high energy neutrinos is expected from charged pion decays. Neutrino telescopes are for this reason able to provide important information on the production mechanisms of cosmic rays as the detection of neutrinos from a gamma-ray source would imply that the emission is hadronic.
From the data collected in 7.5 years of running of the IceCube detector, 103 neutrino events were identified, of which 60 events with deposited energy E dep > 60 TeV [9] .
At present, the event distribution is consistent with isotropy and therefore often interpreted in terms of extragalactic sources, see for example Ref. [10] for a recent review. However, also Galactic scenarios have been proposed, see for example Refs. [11, 12] on this topic. On the galactic and extragalactic contributions of the flux see also the analyses in Refs. [13] [14] [15] [16] [17] [18] [19] . Moreover, at the moment a 3.5σ evidence is present for neutrino emission coming from the direction of the blazar TXS 0506+056, see Refs. [20] [21] [22] [23] [24] .
A multi-messenger search is mandatory for the identification of the origin of cosmic neutrinos. Indeed, gammaray data are necessary to make correct estimation of neutrino fluxes from point-sources. The characteristic gammaray feature of a PeVatron include an hadronic, hard spectrum that extends until at least several tens of TeV. To search for these PeVatrons a gamma-ray experiment with sensitivity to make detections up to about 100 TeV is of fundamental importance.
The High Altitude Water Cherenkov Observatory (HAWC) is a gamma-ray observatory sensitive in the multi-TeV energy domain. For this reason, it is currently the most sensitive gamma-ray detector for discovering PeVatrons. The HAWC observatory has reported new data on galactic sources in recent years, see e.g. [25] [26] [27] . Among these sources, the eHWC J1825-134 source, located in the southern sky, has been detected with an hard spectrum that extends up to multi-TeV energies, thus it represents a possible PeVatron source. Moreover, this is the brightest source detected by HAWC in the multi-TeV domain.
Note that the IceCube detector has an optimal sensitivity for sources located in the northern hemisphere, and is less sensitive to sources located in the southern sky, using tracks events. It is roughly an order of magnitude less sensitive if one considers only track events and a spectrum of the type dN/dE ∝ E −2 , while more than two orders of magnitude for a source dN/dE ∝ E −3 , see Fig. 3 in Ref. [28] . The use of cascades events, arising from neutrino of all flavours, and of the DeepCore sub-arrays improve the sensitivity of IceCube to the sources in the southern celestial hemisphere, compared to the use of only tracks events [28] . For a search of several TeV gamma-ray sources observed by H.E.S.S. in the southern sky with IceCube we refer to Ref. [29] . A kilometer-cube detector in the northern hemisphere, instead, will see these events as muon events, for which a good angular reconstruction is possible and could use all its volume for the point sources analysis. The importance of a kilometer-cube detector in the northern hemisphere was pointed out considering numerous galactic sources in Ref. [30] . Moreover, it was previously considered also in connection with the prospects of detecting young supernova remnants [31, 32] and the Milagro diffuse flux from the inner galaxy [13] .
Several studies have been carried out about the possible detection of Galactic sources in the northern hemisphere at IceCube, in particular considering sources detected by the Milagro Collaboration, see e.g. [33] [34] [35] . It was found that for specific sources, a discovery at 3 standard deviation in less than 10 years is feasible [36, 37] . However, the predictions are affected by the discrepancies between information coming from different gamma-ray experiments, air-Cherenkov telescopes and air-shower detectors, probably due to the different field of view and energy range. For a recent update, about the Milagro sources and considering the new HAWC data, we refer to Ref. [38] .
In this work we present modelling of the source eHWC J1825-134. In Section 2, we describe the data present in the literature on the source, while in Section 3, the calculation of the neutrino flux and the KM3NeT/ARCA effective area is considered. In Section 4, we present our results, while in Section 5 our conclusions.
The eHWC J1825-134 source
As motivated in the introduction, in this work we will consider the source eHWC J1825-134, analysed in Ref. [27] . This source is located in the southern sky with a right ascension of 276.40 • and a declination of −13.37 • . We will use for the analysis the spectrum reported in Ref. [27] , where a power-law with exponential cutoff fit was considered:
with E cut,γ being the cut-off energy of the gamma-ray spectrum, α γ the spectral index and φ 0 the flux normalized, see values in Table 1 .
The sensitivity of HAWC to the high energy tail of the spectrum is of fundamental importance for the correct prediction of the neutrino flux. Note that the flux provided by HAWC for this source at 10 TeV is slightly higher than the one reported by the same collaboration for the Crab nebulae [39] , that is about 10 −13
eHWC J1825-134 0.53 ± 0.02 2.12 ± 0.15 2.12 ± 0.06 61 ± 12 Table 1 : Extension of the source in degrees, flux φ 0 in units of 10 −13 TeV −1 cm −2 s −1 , spectral index αγ and cut-off energy Ecut,γ .
considering the one sigma statistical error. Thus, this source is one of the brightest sources in the sky and one of the first that should be considered in the analysis of neutrino flux for the KM3NeT detector. Finally, it should be noted that the region under examination is quite complex. First of all, as pointed out in [27] , eHWC J1825-134 overlaps with two HESS sources: the very bright HESS J1825-137 [40, 41] and the much weaker HESS J1826-130 [42] . Second, as we will show in Sec. 4, Fermi/LAT data reveal the presence of an extended emission in the region.
The neutrino flux and the KM3NeT/ARCA effective area
In this work we will consider the possible detection of the source eHWC J1825-134 at the KM3NeT detector through tracks events originated by muon neutrino charged current interactions.
In the following section, we report the calculation for the neutrino events, using the KM3Net effective area. In particular, we considered the Letter of Intent of the KM3NeT collaboration which contains the expected performance of the KM3NeT/ARCA detector [43] . Note that the effective area for muon neutrinos has to be corrected by the background rejection efficiency, in order to account for the loss in events due to event selections. In order to obtain an approximate value for this procedure, the information contained in the Letter of Intent of the KM3NeT collaboration is used. For this specific case, we will consider the selection cut in the parameter Λ reported there, which gives an effective area optimized for energies above 1 TeV. The total effective area, the selection efficiency, and the effective area optimized for energies above 1 TeV are reported in the left panel of Fig. 3 .
The neutrino fluxes at Earth can be described by the expression reported in Ref. [44] :
where a sum over neutrino and antineutrino contributions is implicit. The parameter v = 0.57 is the visibility of the source, while θ = 0.72 takes into account a reduction factor due to the fact that only a fraction of the signal will be detected if the source morphology is assumed to be a Gaussian of standard deviation σ ext and the signal is extracted within a circular region of radius σ eff = 1.6 σ 2 ext + σ 2 res [45] . Here, σ res ∼ 0.1 • is the angular resolution of KM3NeT/ARCA [43] . The number of neutrino events dNν (Eν ) dEν has been calculated starting from the gamma-ray spectrum and considering the expressions given in Ref. [46] , see also Ref. [47] for another derivation.
The expected atmospheric muon neutrinos are calculated as described in Ref. [36] , using Refs. [48] [49] [50] . The flux is then integrated over an opening angle equal to Ω = πσ 2 eff .
Results

Fermi/LAT observations
Before proceeding with the estimate of the expected neutrino flux, we report in Figs. 1, 2 the results of our analysis of the region using FERMI/LAT data. For this analysis we have used events of the SOURCEVETO class which are characterised by low residual cosmic ray background contamination [51, 52] . We have filtered the events collected within time interval 246758401 s<MET< 582686231 s using the gtselect-gtmktime sequence as described in Fermi/LAT analysis threads 1 . Fig. 1 shows the countmaps of the source region in different energy ranges. The left panel shows the 1-10 GeV map smoothed with 0.3 degree Gaussian. The dominant source in the region is the Blue thin data points show the spectrum extracted from a circular region of the radius 0.5 • around the source position of the HAWC source. Black thick data points are for the spectrum extracted from the 1.5 • radius region shown in the right panel of Fig. 1 . Dashed, dotted and thin solid curves show spectral fit components. The hard component (dotted line) shape is adjusted to fit the HAWC data above 1 TeV. Its normalization is found from the fit to the Fermi/LAT data.
pulsar PSR J1826-1256. The HAWC source (green solid circle) is immediately adjacent to the pulsar location. The pulsar is not visible in the energy range above 100 GeV, as one could see from the middle panel of Fig. 1 . In this energy range the centroid of the source is at the position of the extended source HESS J1825-137, identified as a pulsar wind nebula. In the energy range above 300 TeV the source centroid shifts back toward the position of the pulsar. This might explain the mismatch between the source positions measured by HESS and HAWC. One could notice that the Fermi source consists of two components and the position of the HAWC source is in between them. Therefore, given this complicated source morphology, it is not possible to find an exact match between the HAWC extended source and different source components observed by Fermi/LAT.
In Fig. 2 we show the results of the Fermi/LAT spectral analysis which is based on the aperture photometry approach (the only viable approach given the uncertain morphology of the source). Grey data points show the spectrum of the source region extracted from 0.5 • radius circle centered at the position of the HAWC source (green solid circle). How does this compare with the flux measured by HAWC?
The total flux of the HAWC source (blue data points in Fig. 2) has been extracted within a large region, under the assumption that the source has a Gaussian morphology. The region containing 68% of the HAWC flux has a radius of σ ext = 0.53 degrees [27] and is indicated with the green solid circle in Fig. 1 . Therefore, one can see that the HAWC flux within σ ext is slightly larger than the flux measured by Fermi, but still consistent within the statistical errors. We report in the Figure also the data points for HESS J1825-137 considering an opening angle of 0.8 • [41] .
The black data points in Fig. 2 show the source spectrum extracted from the region which encompasses the ∼ 1 TeV emission as observed by Fermi/LAT (the green dashed circle of radius 1.5 • in Fig. 1 ), we find that the flux level measured by Fermi/LAT in the TeV range is somewhat higher than that of HAWC. Note that the HAWC analysis assumes a Gaussian source morphology convolved with the HAWC point spread function, which does not match the complex morphology seen by Fermi. The 1.5 • region of the HAWC/HESS source includes, apart from the extended source itself, also the pulsar PSR J1826-1256 and the diffuse emission from the Galactic disk in front/behind the HAWC/HESS source. Taking this into account, we model the source spectrum measured by Fermi with three model components. For the PSR J1826-1256, we adopt the spectrum cited in the Fermi 4FGL catalog [53] . The spectrum of the diffuse emission from the inner Galactic disk is well modelled with the powerlaw spectrum with the slope Γ 2.5 [54, 55] . The spectrum shown in Fig. 2 exhibits a high-energy hardening, which could be modelled adding a cutoff powerlaw component to the spectral model. Fitting together the sum of the soft powerlaw (Galactic Disk), the hard cutoff powerlaw (the HAWC / HESS source), and the pulsar, we find the fit shown in Fig. 2 . We find that the normalisation of the cut-off power-law found from the fit is by factor of 1.5 higher for the Fermi/LAT as compared to the HAWC spectral fit.
The discrepancy between the Fermi and HAWC fluxes at photon energy around 1 TeV could be possibly ascribed either to the simple source morphology assumed to extract the HAWC flux, or to the difficulty of estimation of the cosmic ray background in the source region [52] , or to systematic errors [27] . Given these uncertainties, in the following we estimate the expected number of neutrino events in KM3NeT from the region in two different scenarios.
Neutrino event rate from the eHWC J1825-134 source
In this section we estimate the neutrino flux from the HAWC source as described in Section 3. We have fixed the normalization and the size of the source to its best-fit values. The spectral index has been also fixed to the best-fit value α γ = 2.12. The energy of the cut-off, instead, has been varied within the statistical errors. The results are reported in the right panel of Fig. 3 . We report in Table 2 , the number of atmospheric neutrino events N atm and the number of source events N src , above the following neutrino energy threshold: E thr ν > 1, 10, 30 and 100 TeV, for 10 years running time for the KM3NeT detector. Note that since we are considering an effective area optimized for energies above 1 TeV, we chose as lower energy threshold 1 TeV. The other values are reported to show the number of events in case of analyses optimized for higher energies. As it is clear from the table, the signal events are always significantly above the background as long as the energy threshold is below 10 TeV. If we consider an energy threshold of about 30 TeV the signal events are reduced to 1.8, in case of E cut = 61 TeV, while to 1.3 and 2.3 in case of E cut within the statistical error band. For even higher energy threshold of about 100 TeV, the number of expected signal events is below 1. We have estimated the statistical significance as reported in Ref. [56] and as described in Refs. [36, 37] . We report in the left panel of Fig. 4 the results for the p-value as a function of the energy threshold for 10 years of running time of the KM3NeT detector and α ∼ 2.12. We can see that for an energy threshold of the order of E thr ν 10 TeV we have a minimum in the p-value. We can see that in 10 years of running of KM3NeT the significance is well above 3σ as long as the energy threshold is less than about 10 TeV.
Neutrino event rate from the eHWC J1825-134 extended region
Here, we estimate the neutrino event rate in KM3NeT considering the region of 1.5 • radius indicated as a dashed green circle in Fig. 1 . We take the Fermi flux as reference, and so we repeat the calculation as in Sec. 3 by multiplying the HAWC gamma-ray flux by a factor of 1.5. In order to account for the more extended region, we set σ eff = 1.5 • , and moreover θ = 1 (i.e. we do not assume a Gaussian morphology).
The results are shown in the left panel of Fig. 4 , where the p-value is plotted. In this case, the statistical significance approaches 5σ in the case of 10 years running time and for an energy threshold of the order of about 10 TeV.
Comparison with previous studies
Comparing with the KM3NeT study for point-sources with a spectrum dN/dE ∝ E −2 , we can see that a source with the same normalization of eHWC J1825-134 is above the sensitivity for detection at 5σ at the KM3NeT detector within 3 years of running time [43] . Considering the cut-off energy, a discovery at more than 4σ could be reached into about 10 years.
This source is below the sensitivity of ANTARES data reported in Ref. [43] for point-sources with a spectrum dN/dE ∝ E −2 , see also Ref. [57] for the ANTARES 7 years of data for a source with E cut,ν < 100 TeV.
For the possibility of discovering this source at the IceCube detector, we refer to Ref. [28] , where an analysis for the 7-years tracks and cascade events was considered for specific value of the cut-off energy E cut,ν = 100 TeV and 1 PeV. From what reported, the cascade channels represent the most promising way to discover this source at the IceCube detector.
Conclusions
In this paper, we have analysed the source eHWC J1825-134. In particular, using updated information on the spectrum provided by HAWC, we have calculated the number of events expected at the KM3NeT detector for 10 years running time.
The source MGRO J1908+06 was predicted to be one of the most promising source to be detected at the IceCube detector [33] [34] [35] [36] [37] . Since the source eHWC J1825-134 is one of the most luminous source in the southern sky, we have estimated its discovery potential at the KM3NeT detector assuming that its emission is hadronic. Will eHWC J1825-134 be the first PeVatron source detected by the KM3NeT detector?
Note that also the BAIKAL-GVD detector [58, 59] in Baikal Lake will have the discovery potential for this source similar to the KM3NeT detector. We didn't carry out an estimation for this detector since its effective area for muon tracks is currently not public.
Also the key difference of KM3 detectors in water respect to the IceCube detector is a much better angular resolution of cascade events, which is about 2 degrees instead of about 10 degrees. Since the HAWC source eHWC J1825-134 has degree scale itself, additional signal from this source will come from the cascade channel in water KM3 detectors, besides the tracks events. This should increase additionally the sensitivity of KM3 detectors to this source. 
